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im*«5] ^«±|:c. y-;^M«. h'i^4>^mi^RV( 30 
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[if*«8] ±f5?s!att«:^t LT. Co-17at%PtM . C 
o-Cr-Ta ^-^t^^fcl4Ni-Fe/«fti-20at%l r/Cu/Hf/Si02/ 

±^mi^tmt VX. Ni-20at%FeJR. Hi-16at)h 

1 8at%CoiR* Oat%Fe^;i- P> jgfi ti. 5 V ^-f ix^^Sr 

[Sl*« 9 1 H}*3® 1 a»P> 8 *-e«>vv-f tt;&»»j:|S«<0 h 

[li*«i 01 if*«l7!i»e,8 4T-<OV\-fit«^J-iEife<7) 

1] ±fEh>-^/i'm^ffim^m5g^Sr, SO 
iS*« 1 OfEig(DjK^--y Ko 

J; •? . -hlE^— co^ttft:^*^ h mm<D 

\c7&mvxmfbntim.^mm\^mM^mv^ mm^iv 

rnkt-riin^j^i 2*fc{ii 3iB*fewK^pf^y-. 
loo 0 U 

^^-^y KS-t/K^y^y-irgg-f-So 

100 0 21 

mM(omm] y^V'^^T. UtJ'-X (Physics Lett 
ers) . 54A^ (1975^), 3^, v? (X»tl) 

I 0 0 0 3 1 TMRJ^^^IlEl 3 (CTj^i-J; 0 li. 3 

1 o^w&m 1 1 ozit/^tts 2 1 0 x^htmm.^n 

o, CtlP>-aS<!DattSl 1 0&t;«2 1 0;JS^*5» 

i^;'jSr*-r^^. ^n'm^zQQ(r>m\Lvz^^-.\^x. 
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[00 04] 

B#m;t^^5&^. ffi^ftlc^-Of— i5^>^;^{c:^#7iM 
lo 0 0 5 1 v^^r— ^/i-r>^^>i' K>^>f i^^^^x 

(J. AppL PhysJ 79^ (1996^), 8-i-. 4724-<— £^ 

^\zx^^mfi^(Dmit\zx^x%hrc^o /m^ 
mxi^m$n^m^?s<Dhi^^-/\-ni7imcoi^h-o^\^± 
m.h.hf)>hxh^o m\z^ m-m^±\zipm:$H^m^ so 

10 0 0 6 1 JeA_b^-<yh J: 9 1^. ^^m^m^l^X 9 

"T^pMji. (1) imm^ti^nm^t(D^ 
>:^m^(omm. (2) ^^Ba<D#tttf?>o#<7:)<£j^. 

[o 0 o 7 J 

(MOSFET) ^^fJfflbfclS^^fflV^^o ElltC^Lfc^^ 

$nfciy-;^^^7 1 0, Ki/-f ^-^^7 2 0. &i>\ 

±.\ZM\^W'^- VmMl 0 O^^ftfc. V^i:>v^^MOS 

{c. -toiffit^^fc oof)mm^^. 
z(Dy :y^-j\^m\:M 300 ±,\z^ m\^^m 2 0 0 <t fpm 
ttf^^4 0 ox)^lS:^tbnTv^^.^^^-$5^^ cco^^zJiLi? 50 
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4 

lis ?Kf4fls:>5^- 10 0 tmm^m 200 ;65_bTJc 

0 0t^tt{*:^4 0 0i:<OFBltC:}3V>Tt>. I^^c^h>' 
^J^^^tm^^t\.X\*^i>. 

10 0 0 81 T>^*#fi. asttflcs 2 o 

0{C*f-r5y-;^ffi^7 1 0. KW>^ffi«7 2 0O« 
{5LRt^cnbcomfii:ll. iiO^. IKtti*:^2 0 0<t*jKtt 
i*:Sm®4 O 0(OMJcB3*D$tL^^Mr;^®EU 6 2 0 
«^:<toT*J?>?>ix5o >5::fc, ^Kttit:>5^— hmffil O 0 4: 

2 0 0 (Drnz^^-r^mSi i 5 o s: v iriau 

[0 0 0 91 0 2 (1) tC, ±ia(D^^-(^^lHl2SS:* 

bfco 02 (1) iw*3v^T. mm^m2ootmm^^ 

>'^-/^1£fet 5 5 0 S: R 1 . h 5 6 O S: C 

mm.^^t^^^'t^o ^(otiib^ m 2 xi^ h >-^yi-ig 

fet 5 5 0 Sr. 8 0 0 \Z^oXmtir^ . "^^ffi 

loot (Dmizj^m^n^ h v^^y^^-g^o. h v^/us 

Si5 7 0^R2. h^/^^/t-S^SliS 8 0SrC2^1SL 
3to Z.(Dm^\z:t^\.>X[t. _bf5<?:>J:5^jr hv^/HK^e 

[0 0 10] rrT% ^<-rr ;^mJBEU;65fp;!jD$tLfc#^ 

ttft^s 4 0 0 b . h ^^^-/i^mtm soot mi^i^^— 

hmffilOOSrSiU attf2^S2 0 0-^ilC5®SitS 

K$r^;t5o m\^i^^— 10 0 2 0 0 

(omiiZ^^-r^mjEv (iso) i-i^ ^Mr^^mjBEue 

2 0;6?:ZO(^ h^-^vUffifeiR 1 (55 0) i:R2 (57 
0) IwioT^J^EE^ttfcmEE V = {1/(1+R2/R1)}*U t 

^J: i^l^SB^^ 8 0 0 ^^mtT^ t . ±|S K V^yu^^ 
h^^^^/utefeiRl (5 5 0) ^m^tl.. _b 
mJEv (15 0) ^-mti~^o t 

z ^t>K m\ti^^— hMM 1 oon. hwtitms o 

lcSfi6^fc:^'g'^nTV>5fci6. SffiV (1 5 0) cogg 
^Lli. Ku--^ ^^fi«6 8 0<Og^>ftSrife-r So Vtc^^o 

X. K ^^mss6 8 0 (omtirmm-rin^. 

8 0 0 co^^>ft:;55|^S'JT-# 5o 

[0 0 1 1 1 w(7:>>Pj-/S^^.^:^r:LfcC0;ijJ 02 (2) R 

u^M3) T-foSo :iix?>a:>0(wjoiNT. SIttJi, 
^soo^mL. ^"^ycotEfi^xi^. miii^m2oot 
m^i^y- hmmi 0 o(DM:fj^-mu'f-^_\z+^fj:±t 
$(Dm^r't^j:^x\^^hh(^t't^o z:ix\ tfim(om'K 
±. mz^ mi±i^^- hw&i 0 oiimmiiit^. m\±i^ 
m2o o/)*^^^m\ti^xh^t't^o m^(DBtk^<D^w 



-3- 



5 

m:tiv (150) \-±mtL^j:^\ tz^i^K i^um^s 

/W-SgtRl (5 5 0) i^^mM-tio :L<OtL^^ m2 

(2) tw^-rJ:9J-. TMRtti;^v (15 0) tmMir 
AD^ita (f/iitot?. «SttS:$?>*c;&tcii!JSt) . WM 
ntf^^o ^Ofcd?). hV^^/l/ffigtRl (5 50) fi« 

[0012] «ttf*:>>^- 1 o o KXTJ;::^;* 
MRa5;^?V (15 0) ;6>fg:V>)K^co, M0SFET<7)y— 

ffiiSrSifi^ U}tKttfls:y- Mi<^i o o(Dmm±. ±sa 

*oT. TMRm;^V (15 0) MOSFET 

oy-;^m«t^Smi: Lfca{4^>>*- Nm® l 0 oom 

(0 0 1 3] /.^ib\ 7^ v^^p^ ^ ^-^vj^ >$r 

— 3— (Physics of Semiconductor Devices, John W 
i leys Sons, New York) , 1981, (^CM3) 

M0SFET<^ON<^flii:!^Ii^. 

-g^^r. IVI0SFET(7)OFFit^^<!:P?^o M0SFET;5iO F 

[0 0 14] TMR£ti;^V (15 0) <Dmt\Z.^!^.\^ 
MOSFETCQ Ku-OmSft I D ( 6 8 0 ) (i. HI 2 

(3) i;i^-rJ:9J^:^>fbi"5o ^^li^h. TMRtti;^v 

(15 0) f>^^- vmm&Yjw^m^^w^^x^^ir 

KW^mSDlD (6 8 0) ;55-g.^{ctiiDi-5o 
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6 

(15 0) t^^— ^S8mffiVTHS^^8x.TV^5P5ttMO S 

N^>v^;^<5^J±ON)KflgS:iSo;$^ ^gCS^^ 8 0 O 

iRflSlcifi<5< i:. TMRffi;^V (15 0) jd^y- Mim 
BEVTHJ:9/h^?<;JtofcPFBl{c. MOS K^^^v^^^^tt 
OFFJt^^§--i:i^^-r5o wOJ:9/^. KWvm^I 
D (6 8 0) cD^l^?i^>ft:li. TMRffi;^V (1 5 0) 

10 [0015] tZ,^X% ±fE. hH«EEVTHtt. MO 

SFET(D^<>f T J: o T^^t: $ iirS r: i: 

M^li. P5®i4^^<7)^'fk;65WT-fooTTMRffi 
:»V (15 0) ;65^V^4^®(^:}oV^T. ^<-{T:^m&l3& 
2 0OS^jrJ:9. ±IEy-^mfiiLti:M-r5«ttf*:y- 
htt^l 0 Oom^Sr^gSUT. fc^;5^Ci?>S^S:fc 
S^?^^UT^3ftfJ. $>:att{*:T*fc-5^ttfls:^2 0 0 
oa^b;55i^'r75^(Z[H]|5UTMRffl;/jV (15 0) t^t>'r 
;&^Jci£MfcbAcfcJt-e. MOSFETIiON^RSlca^-f 5r t 
;i^-t!^^5o — ^Wr;^mJEU6 2 0S:Atc^<-f 
20 U-C:J3#, TMRffi;bV (15 0) ;65<£V 

MOSFETJr^iS^;05JKJ*^l^/,^v^iytfli^cUTjbnt. 

^mm^x^^m^SiW^m 2 o o;55+;j>t-iHieuTT 
MRffi;^v (15 0) t'^^^\z.i^^<t^^f^\.^^^^ m 

. SFEmON^ytStcil^b/,^!/^ -r^J:^^. m2 (2) 
*Jft5y— SKflffivmi, /WT>^«JEU 6 2 OCO:;^ 

«ifemffiJw^i-sy->*^m^oK^>cj:or. 

(15 0) . ir^J:t>h^Um^S O 0;d^ ^^(DMSr^o 
fc^^-T?MOSFET;55^is-rS;6:*{i:. T>^*^ 
30 coiS^»:m-e^5E-r 5 w ^ 5 r i: Sric* UT V > 

(0 0 161 «e5(5<?5MR5g^;5>^ ^m\^W^ 

mi:MKm^\zimm\.x^mi.. m^tfii^^-fT^^^my^^ 
xmvF^.^^'&\^x^tz(Dt\±. ^^<^f^^^.x^ 

(00171 ±is K u>f Ty^m^yx9\^nmn\zi^ 

T. :^^mmiSkv^o t'r^mm(ooh. (d tmr 

<»: ^SBlHlSS i: O-r >- 1"— >$7^>;^S'^^oP«^S;6t^g^:T- 
[0 0 18] ^fc. *^P>gco#'itfl. 7Ky>-y n 
V^Srfflv^Tf^M^nSMOSFETcO'^^- h5r. mm^^ 
X^^xm^'^Wi'T^m^^^— vmMi 0 0i:iB^i^;t 

tL^\zh^tm=?z,thx^^, mt^. tmr^i^^^mos 

50 FETSrfliSiJ(:if^jE{L-C. ®EV (15 0) tc:>Pt/j;-f-STMR 
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\^ii\^/)^^-Qibi,, r<o»|ll:i±r>T, sm<o^\:ii: 

[0 0 19] tZ^X\ ^<^T^m&V7!)imu^tltz0 
mm^m 4 0 0 A»e> . h >'^/l^itm soot SSttfls:^ 

- hfii«i 1 0 0 «rSfi i^xmi^i^m 2 0 0 '-a csmsiE 

X\ /WT;^®EU(D5>Ett:1/(1+R2/Rl) tt. ifBllo 
O«0i<?ptfc R2/R1 -C-ftSU. #«^Oite»ffl[»cJ:cT 

tt. attfr-J^— 1 0 0±{rjg;5&^ixjtlRl— to f:/ 
^-/i^-ftia 3 o o J; oTH^asnfc h y 

g5traoT*9— es>j%tf, ±fE h v4^/i'^< y r (7> h 

2 O 0 4 7t tt^iKttftrS 400wa:jfc!7-^V x^J^-^ V ^ 

m;?:4xli. h ^-^^u^-ftK 3 0 0 wmJi:o*5— $ x.?g 
«r^*i,ti.«. ^^-rr^SJEUO^J-EJt 1/(1+R2/R1) 

mtt^55:b<-c'b. mmfH<ot^-mm^^t\^x\^^ti 

ti. m^m<Dy<7y^ii^tbX&ti:\>^-S^mit 1/{1+R2/R 

^?^^55^L<t^ i:i--5^. (2) m^m<o!mitt^ 

[0 0 2 0] 

V^fcMOSFETM<Oh>'4^yi-^-&M^mffi0t^m (TMR) 
I O O 2 1 1 111 4 ( 1 ) It. S^OMO S F E Tf^SJT" 

n-t;^tc:J;oT. PSi^y o o iSrtl5:»-®f^t:L 

Tl?v^®^^t:JK«^S5 i o^mf&L. y y^'^^-r-jcj; 

;^^^7 1 OS.O'H-^'T^Mia? 2 b) ^Irff^fi^Ufc^, 
m^y— h^^b^s 0 oi:^^vx^<^--yitV. ±IE 

lO 0 2 2 J 1214 {2) \Z7jkL.tzXoiZ^ m^V^ 



(5) ^^W- 11-266043 

« 

3 0 0Sr?g^i-5, ^HJfeMT-li, JiE^tt*^'/- 
«ll OOW«-!ist!K)Ki:U-C. Co-17at%Pt Sr^v^jt, r 
n&L^tcii, Co-Cr-Ta m<0 Co »^:^|;:f^^$ti-5. 
BHKtt*Wt^4;6S. *JK14<*t'5!'- 1 0 0 i: LT3pJ« 

-fe/Mn-20at»lr/Cu/Hf/Si02/Si (O^mm^^m 
SMn-20at%lr«)i^S(Oiar6H±S:*Jffl)i-5 &«T*WA$ix 

10 

[00231 h>--*>'i'^;(l::M3 0 Olt, TyU5=^7A, 
ti. Si. Ge. Zr, Hf, ^<©^Jl®f^t:M?S:ffi5 ^ i: tT-t 

0 o<^jr;^{±. K&^y- hfliMi 0 o±X'mt-mx 

fcofc, $?>(r;^ttfr®2 0 0.!:^<Kt4^S4 0 0S: 

20 10 0 itr?^^ bfco ±SaaH4«:Jl 2 0 O i: bT> Ni- 
20at%Fe, Ni-16at%-18at96Co, Co-10at«Fe, «f<0, 

^4^^■^s^s^ffiv^5 ^ t t^x-^ ^6 'tis, m^^m 200 
hms 1 o 0 ;i r izm\fitwmm.mfn 

ifetc, ^i^i^m4 0 0(ou^tvxn. m^(7:>i¥^mi^ 

m^Km^^hnim&{±^sm$ti^ ai. 

W, Cut?) ^fflV^Sw tjJST^S. mt>(?5ifS<^m, 

= >-i5'^' h*— /U6 6 2^156 4 2S:J^;5gb. y— X® 

io « 7 1 o^T/ K '^m^ 7 20 (D^mmz^Mm^ 

liU af4{t:®2 0 0. *lKttirS4 0 0, Jrt 

[00241 ^%m\zi: 1±. tifjgcDTMR 

■fevij— {rtt:-t. 't<om^-Mm^itt^2m&.±mM\^ 
s-f»— ic, mi±i$:'y— hm.mi 0 ocomfit^-fkirv^p 

<Dm^?B±mm a-^n^ib. ^^^i^^- hmm 1 00) 
imsFEmj^<D'pizm.^Ti^ixx\'^^z.tA^ib. ^^\. 

xm^-^ixx\^^tn^^~t*'^ni^h, :L<7>mmrK 

[00 2 51 t i^T% mm^¥- V9m\ oo\z (y 

- h^-fti^s 0 o^/c$-ric) . ii:^. ^mMm(D-m 
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/(1+R2/R1)<7> ^<^:y=^;$sjf $x:?>n'5?ai*3^5*C5<?5 

2 0 0. Jit/. ^{4*J14 o o--(^m^Wia^j^. 
M-Ctt. y-:^im.7 1 0 i:^14#:M4 1 0 ^m^(D 

2 1 o^m^cofy^x^xf-^ntzM^m.^m^'^x^^^. 

[00 281 la5^ri3V^-c. 05. (1) i:E15 (2) 
04 (1) J^XI (2) tc^bfcf^iS>^nir;^tl^C 

xh^o BIS (3) ^w*5v^T. y-h®!<t:JK5oo^ h 
>'*/^^<t:^3 0 o^KiSbT. ^^^7 1 otro 

2 0t;io/jj;d55=2>'^^ hsjx— /U6 4 3^?^J|gU *>«r 
IcS^tttfS 2 1 ORXfim^{^A 1 O S:?l^^b]tt>OT- 
fo-So M\^Wm2 1 0St/#^^ttft:M4 1 0;55^tl.^ 

tbSo «tt#:M2 1 02^TJ#fmttfls:S4 10^(0 

[00 2 9] *^:^M-e{:i. Ku-r i^m(Dy<^ 

Ji. KS. 5>EElt l/{1+R2/Rl)T-St^oTU^9o 
:y^j\-mi(om(Oit. R2/R1 . SriS:^bT*5<:i^35SiK^ 

Mioot. m^wm 2 1 0 ^t:Lm^m\^w^m 4100 
oT^^So :L<Dtitb^ :$^mMmx\^. ms (4) 

L/C J: Pic. ^tt{*:M2 1 0<Jr^mttffM4 1 Qcotgtc 

/Rl^-ifc-r5J:9l^t^$nTv^^o 
[0030] ;$immm\z ct t) . 4 *(DEISigT-;05 2 

[00 3 1 ] mis&m3)m^. *^8^co h i^^^/i^m^m, 50 



^mW- 11-266043 
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[0 0 3 2] 0 6^1. a^^^y— fer/i^SrW^bfc. * 
^l^co^3(D|IJgMSr*-ro 06 (1) - (3) tt. m 
4 XD^ 5 bfe -fe V MOSFETM h V^/i-K 
^«5t^* (TMR) 3g^S:«^L7tr^r?:^b■CV^ 

*L-m±x(o, mmmxh^o ae (3)^^. ^—hm 

itms 0 OSrSfflbfc^^^^^ hTf:— yU6 6 3>£:^L 

m^tfrM 2 10^ y-:^W$. 710 Srftl^U. 
tti^M 4 2 0 Jt. ^^rtX-Ji, K U-r 7 2 0 

ig$n-C*5 b-f . K W l^W$L 7 2 0 --(DE^Wc, =1 V 
-J'^ hJl^— /i-6 4 2S:fflv>T36ftfi:Jc:ff 9p 

[00 3 3] ^mMmX{±. S bIC. ZIOO hi^^7l<g§ 
^(D±M\z. Wm^m 5 10 lcsaf)]^*nfci&jgga^5: 
iS^t. rixS:»#ii^^9 0 0 tPf^o $6>i-, 

t&MiS^^J£b> ::ixSr. *#ii^/MTXil89 o 2 t 

{^S4 2 0tc. te^i4;&^?tfSrT*#S@iaT-ffi*53^cft1^ 

3 0-^/ X- N>'i-S^±:*{::##ii;?fj»9 O 0;d5?^ 
^^ix. 't(O2 0-r/?^—h/i^Ai)j\z.m^\l,7f. 

^<^T::^m9 0 2pm^^^X\^^^. ^fc. ^fl^S 5 

1 Ot;!^^/^?^^?^ h^-/U6 4 SSrSbT. #NKi±ffJl4 

2 OJ-/NVr^Sr;(JD;t5fciB!)(7)^JSia^;65Jfe$n. 
i&JgiE^i£:!7— K^9 1 Ot^lJ^^ :i tv^S^iZ^^^^^ 9 

0 Olc^miwfgg-rSo — =1 V:^^ /U6 4 2 
SriibT KW>'M«7 2 O-^JRiBIST&siS^nSo - 
<^^JRia^«:^-^^9 1 2 i:i^r5. ±12, m^ih^^m 
9 0 0S:O^. !7 — K^9 1 O ICSE. ^^\h:^^<^T7^ 
^9 0 2lc5p^T(c:iEB^ix5o *^7t. mmfm2 \0R 
U?y— ;^^SE7 1 OS:xWT>^i-^fc«)lC. ^.^^^ V 
;}^-/^6 6 5^iiUr^MBE^(z«^-rSo ^ico^iS 
^^Sifil89 1 4 <!:i¥tJ^. -r"— ^^9 1 2t;iWficiSg 
i-^o ^ifeJREia. -r*^:>*>. #tii^«l9 0 0. S# 
\h^^<-<T7.m^ 0 2^ !7— K^9 1 0. X— iJ'ISg 1 
2, ^fl6^9 1 4fl. 't'-<-C*?i5S5*-C% 3fe^ft:Jl5 

1 OlcJS46iZi*ix-Cl.>^o 

[0 0 3 4] fer/V'-ejt. i tf h<ois 

hm® 1 0 0 <omi\L^m\^nm^'^x^ 
tsuTv^So ^t4i^y-h®i^i 0 0 m^^^^m^ 

0 0 iZi^/M t;^^ 9 0 2 <DW.ij\^mM^m 

hm«&i 0 O(D;l(7:)^^>^t:Iyt^;0^^>^:(t:>^g^$-^' 
/c«fli--il^$i^5^c|l. S#iZi^^9 0 0i:# 
T^^9 0 2 iS?<Sttm»ft4rSEitll 

rr-e. IKtt(*:>5^- hmffil O 0O»l^;^Sr+5> 
;^t^<^t<7:»lwbTibNttf. m^i2<^m.9 0 0i^tn\±m^ 
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[0035] h v^/u^a^ffist^mic J: 9 . attff >>^- 

1 0 Ocomfe:^^fii(^3E^tfi. Kli^^Ji 2 0 o i:K 

^14#:M4 2 0-N.o7i;^5^>!7— K^9 1 OSr/^^-fT^U 

h 1 0 0 (omVci^m<om\L\±. K W 
Jig 7 2 0tco;5:;d5 5'r— ^*S9 1 2 Sr^WT:^ UT»b 

ti. ®i4i*:>i^-hfl;®i oooS^>(t:H^^icMi£;bT. 

[00 3 61 ^SS(?D±f2/^y— iryUSrT Wit^l;iiag 
lilC?9icM-Si-fe/l.;65-*(O»^ii;?^^9 0 0. R 
-*c7>!7-m9 1 O^^^b. ^fc. i^cfftca^. 

-^IS9 1 2. SO^. Mlfi«9 1 4 S ct p (Zia 

J9Srffx.fi. V^J:»^*S^V^ATl^^1^;^p<^y (RA 

M) S:J^j5S;i-s:iir^5ffi5fe5o T ^(Dm'&(D^j^^ 

-rs»#a^/MT>^a9 0 2lc:ai«bM^#S:«tt 

i2i^«9 O otciim-rSo rtt(c:j:o-C. MSl^ny^ir 
j^y^o^Tmm-^— vm^x o 0<D^>ft;$5ge-t*5fc:-h5> 

JR-rs?WS*W-rsi7— K^9 1 oS:^MT;^^U 
i-Sff;65#tWi-S7^-^^9 1 2o;^^/Wr;^b. ^ 
T;:^^?ttfc'r^-i$'j|99 1 2±{r4febsm»Eft^i:bTIR 
[0 0 3 71 ^»{;iSa*nsm?Sf(::^oTtf«^Sx. 

-^^T-f±. mm^^— vmm i o o i o 

So S^3Zi^^9 0o--<^>i^/#gSomgS/< 

yu;:^^;f,D{- J: 57 . W&W^- V^M 1 0 0 <Dm\\::>kmt 

SIs-rSo b/cTi^oT. t*5fecoDRAMtrPI^75^^ni^ 
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